Abstract
Background
The heart failure is a severe, progressive disease, with a rising incidence around the world due to the prolonged life span and ageing of the world population. It is a particular epidemiological problem in the developed countries where its incidence is about 1-2% from the whole population and up to 10% in the population above the age of 70. Besides its increasing incidence, its poor prognosis is another concern. Although there is an increasing number of treatment options for cardiovascular diseases and in particular for heart failure patients, the prognosis for this disease remains more severe than for malignancies [1] [2] [3] [4] [5] [6] [7] .
The progressive pathophysiology of heart failure is, at least in part, secondary to over-expression of some molecular pathways; they are chronically activated by the impaired tissue perfusion and their purpose is to rise the cardiac output, but in the end it leads to severe injuries of the heart, vessels and kidneys. The best known molecular systems involved in heart failure pathophysiology are the renin-angiotensin-aldosterone system (RAAS) and the adrenergic nervous system (ANS); their chronical stimulation produces a cascade of molecular changes in the myocardium and endothelium, some of which are meant to compensate for the injurious effects of RAAS and ANS. The apelin and its receptor (APJ receptor) is one of the molecular systems which counteracts the negative effects of aldosterone on the myocardial cells and limits the inflammatory reactions and the oxidative stress that are increased in chronic, severe, heart failure. Although apelin is also synthesized in the adipose tissue and was listed as adipocytokine and studied as one [8] [9] [10] [11] , its major site of synthesis and target is the endothelium and the cardiovascular system. It is the most potent endogenic positive inotropic agent and is a positive regulator of angiotensin converting enzyme type 2, and so it is a RAAS antagonist [12, 13] . Experimental studies conducted so far have attributed apelin a protective role on the cardiovascular system, but also on the nervous system, liver, pancreas and kidneys [14] [15] [16] . It seems to be a guardian of the living organism, human or animal, which regulates basic functions of the systems and tissues, helps in the process of recovery after an injury and appears to delay the onset of diseases. Although some of the results reported so far give apelin anti-inflammatory properties, the exogenous administration of apelin being able to lower the inflammatory factors such as tumor necrosis factor (TNF ) and interleukin 1 (IL-1 ) [17, 18] , its level being increased after lowering the cholesterol level by dietary or pharmacological measures [19] or being in reverse relationship with the level of inflammation in the body [8] , other studies do not have such clear results about its relationship with the inflammatory markers [20, 21] . This is probably due to the complex actions exerted by apelin and its receptor in vivo compared with in vitro conditions.
The plasmatic level of apelin is known to progressively decrease during the course of heart failure after an initial rise in the early stages of the disease [15] . These dynamics are considered to be an attempt to compensate and increase the contractile force of the failing heart [22] , but these effects are progressively altered in the course of heart failure. These assumptions were made after observing the effects of experimental iv administration of apelin to animals and humans with heart failure: it acts as a potent inotrope and increases the contractility of the heart, the ejection fraction and the cardiac output and lowers the left ventricle diastolic pressure . These effects were described initially on isolated hearts on which apelin exerted a clear inotropic effect, especially on failing myocardium [23, 24] , and then were reproduced on healthy and heart failure human volunteers [25, 26] . All these scientific results are proof of the beneficial role of apelin in the human body and in particular in the functioning of the cardiovascular system but it suggests its limited protective effect until it is overcome by the injurious molecular pathway and its tissular and serum level begin to fall.
Apelin-13 is the shortest fragment derived from preproapelin and it is the most potent peptide from all the fragments cleaved by angiotensin-converting enzyme from this 77-aminoacid protein; its action is 8 times higher than apelin-17 and 60 times higher than apelin-36 and it is the main biological activator of the APJ receptor. Its pyroglutamated form was found to be the predominant form of myocardial apelin in the human heart and plasma [27] [28] [29] [30] .
In our research we aimed to investigate the possible associations of apelin-13 with clinical and paraclinical characteristics in HF patients as well as studying its dynamics during the course of the heart failure.
Method

Patients
We enrolled 53 patients consecutively admitted for heart failure in the Cardiology Department of our hospital between November 2014 and March 2016. The diagnosis of acute heart failure was made after clinical evaluation, NT-proBNP determination and echocardiographic examination. We included only the patients with heart failure secondary to ischemic heart disease or dilative cardiomyopathy. We excluded the patients with acute coronary syndromes, uncontrolled arterial hypertension, severe valvular diseases (except mitral regurgitation and tricuspid regurgitation secondary to ventricular and valvular ring dilation), diabetes mellitus, severe renal disease (creatinine clearance <35ml/min), known malignancies, acute viral or bacterial infections.
A control group was formed with 13 patients from the same center, with controlled essential hypertension and no other cardiovascular pathologies, treated with beta-blockers and/or ACE inhibitors.
Study protocol
We performed a prospective observational cohort single-center study. The patients were examined at two different moments in time: the clinical, laboratory and echocardiographic assessments were performed at the first hospital admission and again after a time interval of 6-12 months.
Clinical (demography, smoking status, alcohol consumption, personal and familial medical history, blood pressure), biological (blood count, C reactive protein, liver enzymes, uric acid, cholesterol and its fraction, triglycerides, creatinine clearance, MB creatinine kinase) and echocardiographic characteristics, (left ventricle (LV) systolic diameters and volumes, ejection fraction (EF%), global or regional wall motion abnormalities, the presence or absence of severe mitral regurgitation or pulmonary arterial hypertension) were recorded for all patients and used to assess the exclusion criteria. We also noted the type of heart failure at baseline for each patient (acute heart failure, chronic decompensated and chronic compensated heart failure, according to the terminology used by the European Society of Cardiology for the time course related characteristics of heart failure [31] ).
All the patients were treated according to the severity of their disease and the guidelines recommendations for acute heart failure with ACE inhibitors, beta-blockers and diuretics.
The study obtained approval from the Bioethics Commission of the University of Medicine and Pharmacy "Iuliu Hațieganu", Cluj-Napoca (No. 377/03NOV2014).
Echocardiography
Two dimensional echocardiographic examinations were performed for all patients using a Siemens Acuson X300 by the same investigator. The quantitative measurements of the LV dimensions and functional parameters were performed in conformity with the recommendations of the American Society of Echocardiography (ASE) [32] . The EF%, LV end-diastolic and end-systolic volumes were calculated using the Simpson biplan method. The LV mass was calculated from end-diastolic LV internal diameter, interventricular septum and posterior wall dimensions using the ASE formula [33, 34] , and indexed for body surface calculated with the Dubois formula.
Serum Apelin and NT-proBNP determination
A sample of serum was collected from each patient and then stored at -80°. For a homogeneous evaluation of the NT-proBNP for all the patients, its determination was made using the commercial ELISA kit from Cloud-Clone Corp, Houston, USA, with a detection rage between 39-2500pg/ml, an intra-assay coefficient of variability (CV) of <10% and an inter-assay CV<12%).
The serum levels of apelin-13 were assayed using commercially available ELISA kit from Elabscience, Wuhan, China, with a detection range of 125-8000 pg/ml and an intra and inter-assay CV<10%.
Statistical analyses
The statistical analyses were performed using R environment for statistical computing and graphics, version 3.2.3 [35] . The normally distributed continuous variables were presented as mean ± SD and those not normally distributed were presented as median and 25th and 75th percentile (interquartile range, IQR).
According to the baseline median apelin-13 level, two groups of patients were formed: High Apelin-13 level (above the median) and Low Apelin-13 level (below the median). There were also additional groups formed according to the type of heart failure (acute, chronic compensated and chronic decompensated heart failure) and according to the EF% (>36%, 30-35%, 25-29% and <25%).
To assess relationships between two categorical variables we used the Chi square test or the Fisher exact test (for low expected values). To check for differences between two independent groups of continuous data, the t-test for independent samples (for data following the normal distribution) the Mann Whitney U test was used (for skewed data). Normality of the data was checked with quantile-quantile plot and Shapiro-Wilk test. Comparisons between three or more independent groups regarding continuous variables were made with the Kruskal Wallis test for skewed data. We compared baseline and follow-up meassurements for skewed continous data with Wilcoxon signed-rank test.
To evaluate the association between NT-proB-NP and apelin-13 the Spearman correlation coefficient, the test of statistical significance and the 95% confidence interval (CI-calculated by bootstrapping) and a scatter plot chart type were used.
A multiple linear regression model was built to assess the relation between initial values of NT proBNP as dependent variable and apelin, adjusted for age, gender, LDL and HDL cholesterol, and BMI corrected clearance. The model was verified for normality of residuals, heteroskedasticity, multicolinearity. The results are presented by model coefficients and robust confidence intervals (CI -computed using the sandwich estimators).
For all statistical tests the two tailed P-value was computed, and the level of statistical significance was set as 0.05.
Results
Baseline assessment
The baseline characteristics of the patients and the control subjects are described in Table 1 . The median value of apelin-13 in the group of patients and controls was 495 pg/mL (IQR 276-845 pg/mL) In the HF patients group we found a significant association between apelin-13 and the NYHA class; NYHA class IV had the lowest apelin-13 level (250 pg/mL, IQR 225-270 pg/mL, p=0.009) (Figure 1) . When the patients were analyzed according to the heart failure type, although not statistically significant, the acute HF group had the apelin-13 of all groups, as can be seen in Table 2 (all the groups were compared two by two).
Apelin-13 is negatively and strongly correlated with NT-proBNP level in HF group [Spearman's rho -0.83, (95% CI -0.89 --0.61), p<0.001] and this correlation is maintained when all the subjects were analyzed [patients and controls, rho -0.7, (95% CI -0.74 --0.44), p<0.001].
After adjusting initial values of apelin for age, gender, LDL and HDL cholesterol, and BMI corrected clearance in a multiple linear regression, apelin remained statistically significant inversely associated with NT proBNP (the adjusted determination coefficient of the full model was 0.42, and the unadjusted determination coefficient for apelin was 0.33) ( Table 3) .
Females had significantly lower levels of apelin-13 (372.5pg/mL, IQR 243.75-552.5pg/mL) compared with males (617.5pg/mL IQR 360-902.5 pg/mL), p=0.027.
Serum levels of HDL-cholesterol were weakly but statistically significant correlated with the level of apelin in the HF patients (Spearman's rho 0.27, p=0.048).
The LV mass was 165.5 ± 32.6g (90.6 ± 17 g/m²) in the control group and 302.5 ± 42 g (162.5 ± 41.1 g/m²) in the HF patients. All the controls had normal LV diameters, volumes and ejection fraction. In the HF group the LV end-diastolic volume was 161 ± 67 ml. For the whole Fourthy-six percent of the females versus only 5.26% of the men were in NYHA IV class. In NYHA III class there were 33.33% of the females and 36.84% of the males, whereas 20% of the females and 57.89% of the males were in NYHA II class. The association between gender and NYHA class was statistically significant (p<0.001).
When divided into EF% subgroups, NT-proBNP was significanlty lower in the group with EF%>36% comparing with the other groups, p=0.013. The median NT-proBNP values were 403pg/mL (IQR 303-1021pg/mL) for the EF%>36% group, 1806pg/mL (IQR 1603-1881pg/mL) in the group with the EF% between 30 and 35%, 1189pg/mL (IQR 1060-1297pg/mL) for the group between 25-29% and 1536pg/mL (IQR 1210-1536pg/mL) for the patients with EF%<25%. Apelin-13 values were similar in these groups.
High and low Apelin-13 baseline comparisons
The baseline characteristics of the Low and High Apelin-13 patient groups are described in Table 4 . There were no significant differences in age, BMI, cigarette smoking, alcohol drinking and the medication used between the Low and High groups. A significantly greater number of females were found in the Low Apelin-13 (p= 0.008).
NT-proBNP is higher in Low Apelin-13 group (1531 pg/mL, IQR 1340-1737.5 pg/mL vs 889 pg/mL, IQR 616.7-1054 pg/mL, p<0.001).
A significant difference between the two HF groups was noted for the total cholesterol level, being higher in the High apelin-13 group (p=0.034). The fractions of serum cholesterol were not significantly different between the Low or High Ap13 groups.
Follow-up assessment
Twenty-seven patients were assessed at follow-up after an average time interval of 9 months. Eight patients died before the follow-up assessment, and these patients had lower baseline apelin-13 level compared to the patients who were assessed at follow-up (395 pg/mL, IQR 270-603 vs 275 pg/mL, IQR 225-355 pg/mL) (Figure 2) .
For the reassessed patients the median apelin-13 level was significantly higher at follow-up (460 pg/mL, IQR 342-871 pg/mL) compared with the baseline level (395 pg/mL, IQR 270-603 pg/mL) (Wilcoxon paired test, p=0.019), and maintained the negative correlation with NT-proBNP level (Spearman's rho -0.7, p<0.001). There were no differences in the EF% and NYHA class for the reassessed patients. NT-proBNP level was 1324.5 (IQR 1122 -1428.24 pg/mL) at baseline and 1175 pg/mL (IQR 984.5 -1551 pg/mL), p= 0.245.
In the acute HF group the median baseline apelin was 355 pg/mL (IQR 271.25-592.5 pg/mL) and it rose slightly at follow-up to 410 pg/mL (361.25-818.75 pg/mL). We analyzed the changes in apelin-13 level for the BB/IECA naïve patients from the acute heart failure group: at baseline apelin-13 was 332.5 pg/mL (IQR 270-395 pg/mL) and it rose at follow-up to 687.5 pg/mL (IQR 395 pg/mL-988 pg/mL), a difference of
Discussion
We chose to analyze the association between the serum levels of apelin-13 and NT pro-BNP in the heart failure patients in two different moments in their disease course, and compare it with a group of controls most of them already treated with beta-blocker and/or ACE inhibitors for essential arterial hypertension and with no alterations in LV systolic function. To our knowledge this is the first study investigating the dynamics of the serum apelin-13 level in the heart failure patients, whether it was a natural one or a therapeutically influenced one. Since the majority of heart failure patients receive neurohormonal treatment as part of their pharmacological long-term treatment, we tried to analyze the changes in serum level of apelin-13 and their potential correlations with betablocker and ACE inhibitor treatment.
We found out that the apelin-13 serum level of the chronic HF patients, whether they are compensated or decompensated, is similar with the controls, and this values are according to some of the data reported in literature [36] . All the chronic HF patients and most of the controls were already under treatment with betablokers and/or ACE inhibitors. Nevertheless, the samples being relatively small, this is not a proof of an absence of difference.
The acute HF patients, with 71% having no betablocker or ACE inhibitor treatment (the rest of them were only on ACE inhibitors for other indications), had lower baseline apelin-13 than all the other groups, and it was slightly increased at follow-up, after the initiation of medical treatment. The fact that the majority of patients who were reassessed at follow-up had a higher level of apelin-13 than the baseline suggests a benefi- cial influence of the medical treatment in the long term, but the absence of statistical significance and being an observational study does not permit us to advance a conclusion about this aspect.
The most important finding from our data is the negative, very strong correlation between serum levels of apelin-13 and NT-proBNP, which is in contradiction with other previous results [15] , but in agreement with other scientific researches that showed lower apelin level in advanced heart failure, as well as with the theory that this decrease of serum apelin is negatively influenced by the course of the disease. Our findings showed that the Low apelin-13 group has higher NT-proBNP levels and also contains all the patients in NYHA IV class heart failure, 71% of the acute HF patients, and 7 of 8 patients who died before follow-up. Although these last mentioned results have limited statistical power due to the small number of patients, they suggest a prognostic role of apelin, at least in theory, in the course of heart failure; the negative, very strong, correlation with the NT-proBNP level, which is already known as a very important prognostic biomarker for the heart failure patients, is a key element of this research that gives confidence for furthers studies to investigate the potential prognostic role of apelin-13 in this disease. Although there are larger experimental studies or reviews which reported no influence of apelin on prognosis, and especially on mortality, none of them used the apelin-13 fragment, which is the predominant form of the myocardial apelin in human plasma and cardiac tissue.
The strong correlation we observed between apelin-13 and NT-proBNP is a very important aspect, although the statistical significance was not obtained for the difference in apelin-13 level between heart failure patients versus controls. We consider this to be an important starting point for further research in order to establish the cut off value for apelin-13. As for NT-proBNP and BNP where different values have different meanings in acute versus chronic heart failure (the diagnostic values are much higher in acute than in chronic heart failure) or in the acute coronary syndrome (where the natriuretic peptides have a prognostic value), further research on larger groups should find significant differences.
All the patients with acute HF were started on betablockers and/or ACE inhibitors. The fact that median level of apelin-13 rose at follow-up for this group of patients and its level were not very different among the chronic HF patients, whether they were compensated or decompensated, might be a possible explanation on how the neurohormonal treatment is effective on improving the survival of HF patients, other than reducing the aldosterone, angiotensin II and catecholamines plasma levels, but this hypothesis needs to be investigated in further studies.
Another important result of our study is the significantly greater number of women in the Low Apelin-13 group. To our knowledge, there are no differences reported so far between genders, but already published studies either have a limited number of female subjects [15, [37] [38] [39] , or the research focused mainly on male subjects [13, 40] . The fact that there were no differences between genders other than apelin-13 level, NYHA class and LV mass and that apelin-13 was weakly correlated with LV mass when all subjects were analyzed (patients and controls) (Spearman's rho 0.28, p=0.023) give grounds for further research. The fact that the correlation between apelin-13 and LV mass was maintained in the whole study group limits the NYHA class influence on the apelin-13 level and reinforces the theory that the LV tissue is the main source for the serum level of this peptide.
Our study included a limited number of subjects and not all of them were assessed at follow-up and the statistical power of the test to detect differences can be low; therefore, the dy-namics of apelin-13 needs to be evaluated on a larger number of heart failures. The fact that the apelin-13 level was not significantly different between heart failure and control groups may be partially explained by the fact that 38.46% of the subjects in the control group had no neurohormonal treatment administered at the moment of inclusion.
In conclusion, we can state that apelin-13 was negatively correlated with NT-proBNP, both in the HF group and in the whole study population. The Low Apelin-13 group contained the majority of the patients with a negative outcome (death before follow-up), most of the patients who presented with acute HF and all the patients in NYHA IV class. 
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